Information technology is increasingly facilitating mechanisms by which information asymmetry between lenders and borrowers in the financial sector can be reduced in order to enhance financial access for human and economic development in developing countries. We examine conditional financial development from ICT-driven information sharing in 53 African countries for the period 2004-2011, using contemporary and non-contemporary quantile regressions. ICT is measured with mobile phone penetration and internet penetration, whereas information-sharing offices are public credit registries and private credit bureaus. The following findings are established. First, there are positive effects with positive thresholds from ICT-driven information sharing on financial depth (money supply and liquid liabilities) and financial activity (at banking and financial system levels). Second, for financial intermediation efficiency, the positive effects from mobile-driven information sharing are apparent exclusively in certain levels of financial efficiency. Third, with regard to financial size, mobile-driven information sharing is positive with a negative threshold, whereas internet-driven information sharing is positive exclusively among countries in the bottom half of financial size. Positive thresholds are defined as decreasing negative or increasing positive estimated effects from information-sharing offices and vice versa for negative thresholds. Policy implications are discussed.
Introduction
Information technology has been established to improve development in a multitude of ways, inter alia: living standards (Chavula, 2013) ; better life for all (Kivunike, Ekenberg, Danielson, & Tusubira, 2011; Ponelis & Holmner, 2013 ; welfare externalities (Carmody, 2013; Qureshi, 2013b Qureshi, , 2013c ; economic growth (Levendis & Lee, 2013; Qureshi, 2013a) ; sustainable growth (Byrne, Nicholson, & Salem, 2011) and financial access (Kamel, 2005) in developing countries. Furthermore, compared to the rest of the world, the potential for information and communication technology (ICT) in Africa is higher. Consistent with recent literature, whereas high-end countries in Asia, Europe and North America are currently experiencing saturation points in the growth of ICT (e.g. mobile phone and internet penetrations), there is great room for its penetration in Africa (see Asongu & Nwachukwu, 2016a; Penard, Poussing, Yebe, & Ella, 2012) . It implies that policy can harness such potential for penetration in order to tackle development issues, inter alia: limited financial access.
According to the International Fund for Agricultural Development (IFAD, 2011) , less than 20% of households, on average, have access to financial services in Africa. Most of the population rely on financial services from the informal financial sector which is not incorporated into the conception and definition of the financial system. Limited communication infrastructure, poor transport facilities and low population densities contribute to the lack of formal financial services in extensive regions across the continent. In areas where such formal services are available, small-and medium-sized businesses as well as low-income households have difficulties meeting lending eligibility requirements such as the ability to provide collateral and strict documentation. Even when such requirements are met, high minimum saving requirements and cost barriers (e.g. high transaction fees) can still substantially limit access to finance.
With the above background, access to finance in Africa has been substantially hampered by concerns of surplus liquidity (Asongu, 2014a, p. 70; Saxegaard, 2006) . Over the past decade and a half, the African financial intermediary landscape has witnessed the introduction of private credit bureaus and public credit registries as instruments of information sharing in order to mitigate information asymmetry between lenders and borrowers (Triki & Gajigo, 2014) . Information asymmetry is concerned with the study of transactional decisions in which one party of the transaction is more informed than the other. Such imbalance or asymmetry of information creates disequilibrium of power in transactions such that one party can easily take advantage of the better information he/ she possesses or charge a higher price for a particular transaction in order to compensate for the lack of complete information about the transaction. In the former situation where one party has more or better information, the party is liable to moral hazard: which is the use of such information against the interest of the other party. Conversely in the latter situation where the other party lacks information, he/she is pushed to charge higher transaction costs because of adverse selection. In the case of a bank transaction, the lender is confronted with an issue of adverse selection before the lending transaction, while the borrower has an issue of moral hazard after the lending transaction. Informationsharing offices are credit agencies that share information on borrowers' default (i.e. negative information) and borrowers' repayment (i.e. positive information) histories with lenders (or banks) in order to reduce adverse selection on the part of lenders. These information-sharing offices are also discipline borrowers in order to avoid moral hazard. Throughout the study, we use "information sharing" to denote the activity of information-sharing offices.
The prime motivation for introducing these information-sharing offices 1 has been to mitigate moral hazard and adverse selection in bank lending. Accordingly, policies favoring underlying information-sharing offices have built on substantially documented evidence that basic financial access is constrained by a series of factors that are endogenous to information asymmetry, notably: affordability, physical access and eligibility to bank lending (Allen, Otchere, & Senbet, 2011; Enowbi-Batuo & Kupukile, 2010) . In essence, information-sharing offices play the role of brokers in financial intermediation. Hence, by sharing information, information-sharing offices facilitate increased credit and market competition, reduced credit constraints and efficient capital allocation (Jappelli & Pagano, 2002) . Unfortunately, recent evidence suggests that, inter alia: (i) the concern about surplus liquidity is still very severe in African financial institutions (Fouda, 2009) and (ii) public credit registries and private credit bureaus are weighing negatively on financial intermediary development on the continent (Asongu, Nwachukwu, & Tchamyou, 2016) . In essence, the relationship between the sharing of information and bank lending has been an open debate in empirical and theoretical literature (Jappelli & Pagano, 2002) .
In light of the above, one may reasonably infer that financial institutions on the continent have been taking advantage of information-sharing offices to pursue a "quiet life": using shared information from information-sharing offices for higher profit margins instead of intermediation efficiency. Financial intermediation efficiency within the context of mitigating surplus liquidity refers to the ability of banks to transform mobilized deposits into credit for economic operators. Quiet life is the short form of the Quiet Life Hypothesis. According to Coccorese and Pellecchia (2010) , the Quiet Life Hypothesis is an assumption that financial establishments with relatively higher market power would invest little in pursuing financial intermediation efficiency. On the contrary, they would use their advantage to grant fewer loans at affordable prices to borrowers because they would rather prefer to exploit opportunities for higher profit margins or a "quiet life."
To the best of our knowledge, the interesting body of literature (which we substantially engage in Section 2) on the role of information-sharing offices in financial development has left room for improvement in at least four areas, notably the need to narrow inquiries to scopes with severe issues of financial access; for holistic financial development indicators; to leverage on the potential for ICT-driven information sharing for enhanced financial access and to account for initial conditions in financial development.
First, from the dimension of scope, despite the substantially documented issues of surplus liquidity in Africa, as far as we have reviewed, little scholarly focus has been devoted to the African continent which is experiencing severe issues of limited financial access. Moreover, studies on the continent have been limited in scope with a selected number of countries. To put this point in perspective, Galindo and Miller (2001) have involved no African country, Love and Mylenko (2003) have positioned their inquiry on four countries, Barth, Lin, Lin, and Song (2009) . Therefore, positioning the inquiry on Africa is motivated by the scarce literature on the continent. This is in spite of policy concerns about whether financial institutions on the continent have been tailoring information from information-sharing offices to enhancing allocation activity and efficiency (Triki & Gajigo, 2014) on the one hand, and recommendations for more scholarly research on the subject (Singh, Kpodar, & Ghura, 2009, p. 13) on the other hand.
Second, on the measurement of financial development, it is interesting to note that the broad and African-specific literature on information asymmetry (Houston, Lin, Lin, & Ma, 2010; Ivashina, 2009; Tanjung, Marciano, & Bartle, 2010) and information sharing has specifically been oriented toward the measurement of constraints in access to finance. We steer clear of the mainstream literature by employing all financial dimensions documented by the Financial Development and Structure Database of the World Bank. These include financial dynamics of depth, efficiency, activity and size. Financial depth represents money supply in the overall economy and liquidity liabilities (or financial system deposits) in the banking sector. Financial system efficiency is the ability of financial institutions to transform mobilized deposits into credit for economic operators. Financial activity denotes the ability of financial institutions to grant credit to economic operators. Financial size represents Deposit bank assets as a proportion of Total assets (Central bank assets plus Deposit bank assets). We have already observed that the fundamental aim of information-sharing offices is to boost financial intermediation efficiency. Increasing efficiency by reducing informational rents and boosting competition ultimately results in more financial activity or lending (Pagano & Jappelli, 1993 , p. 2019 . It should be noted that financial efficiency is generally the ratio of financial activity to financial depth (credit/deposit ratio).
Third, ICT can improve the role of information-sharing offices in reducing information asymmetry between lenders and borrowers. Ex-ante of borrowing, ICT can enable information-sharing offices to provide banks with timely and more comprehensive information on borrowers' credit histories. In the same vein, ex-post of borrowing, ICT can also enable information-sharing offices to monitor and discipline the borrower. Hence, in the former and latter cases, ICT can enable information-sharing offices to reduce adverse selection and moral hazard. This intuition is in accordance with Bergemanny, Heumannz, and Morris (2015) who have argued that information is crucial in understanding access to commodities. To the best of our knowledge, there is currently no study on Africa on the role of ICT-driven information sharing in financial development.
Fourth, on the need to account for initial levels of financial development, we argue that blanket policies of financial development from modeling exercises based on mean values of the dependent variable are unlikely to be effective unless they are contingent on initial levels of financial development and tailored differently across countries with high, medium and low levels of financial development. The underpinning idea is that certain initial conditions of financial development may be required for the benefits of financial development from information sharing by information-sharing offices. At the end, any resulting threshold effect (in terms of increasing or decreasing marginal returns from information-sharing offices' estimates) should validate the hypothesis of initial conditions and, hence, avail more room for policy implications. The use of quantile regressions to account for initial conditions steers clear of two studies closest to the present line of inquiry, which have based their empirical strategies on mean values of financial development; notably Triki and Gajigo (2014) and Asongu et al. (2016) have respectively adopted Probit models and generalized method of moments.
Four research gaps are apparent from the above narratives; notably the little scholarly focus on financial access in Africa; failure to engage information-sharing offices in the literature on linkages between information asymmetry and financial development; the essence of assessing how information-sharing offices can leverage on ICT to enhance financial development and the need to account for initial levels of financial access in the problem statement. We attempt to address the research gaps by answering the following question: How do ICT-driven information-sharing offices affect financial development when existing levels of financial development matter in Africa? Addressing the research question is important because it provides insights into how barriers to offering financial services can be lifted to enable small businesses and households to maximize their earnings and savings for enhanced productivity, job-creation, contribution to higher income and, ultimately, growth. Therefore, the objective of this study is to investigate how information-sharing offices use ICT to improve financial development.
The positioning of this study contributes to the bulk of literature on the relevance of information technology for inclusive development; notably socio-economic development in rural areas (Baro & Endouware, 2013) ; poverty concerns in urban areas (Omole, 2013) as well as community development issues in rural areas (Breytenbach, De Villiers, & Jordaan, 2013) ; education, social and human development (Brunello, 2010; Gudmundsdottir, 2010; Krauss, 2013; Negash, 2010; Nkansah & Unwin, 2010; Shraim & Khlaif, 2010) ; social change and development outcomes (Brouwer & Brito, 2012; Islam & Meade, 2012; Mir & Dangersfield, 2013) ; enhancement of institutions (Asongu & Nwachukwu, 2016a ) and inclusive human development (Asongu & Nwachukwu, 2016b) . Hence, this inquiry complements that growing body of literature on distributional externalities (Cozzens, 2012) . Although the underlying stream of literature has been engaged in both developed (Thakur, 2012) and developing (Gupta & Jain, 2012; Sonne, 2012) countries, we are more concerned with African countries because issues of financial access are more severe in the continent.
By contributing to the macroeconomic literature on the use of information technology for non-exclusive outcomes, this inquiry deviates from mainstream microeconomic and corporate information technology literature on the management of technology for business avenues. Some recent streams of the highlighted literature have included entrepreneurial opportunities for the aging population (Kohlbacher, Herstatt, & Levsen, 2015) ; targeting of entrepreneurial innovators who are continuously innovating because of better skills and financial resources (Best, 2015) and opportunity discovery and creation within the framework of disruptive innovation (Hang, Garnsey, & Ruan, 2015; Wan, Williamson, & Yin, 2015) .
The rest of the study is structured as follows. Section 2 covers the theoretical and empirical literature. The data and methodology are discussed in Section 3. Section 4 presents the results and discussions while Section 5 concludes with implications.
Theoretical highlights and the empirical literature
Consistent with Claus and Grimes (2003) , there are two main strands in the literature documenting the theoretical basis for an association between information sharing and existence of financial intermediaries. The first strand articulates the provision of liquidity by financial intermediaries, whereas the second is concerned with the ability of financial intermediaries to transform the risk features of assets. Both strands build on the fundamental role of financial intermediation which is to increase allocation efficiency by mitigating the cost of channeling mobilized resources from borrowers to lenders. Corresponding theories on the role of financial intermediaries build on the literature of imperfect market information. In essence, financial intermediaries have the primary task of reducing information and transaction costs arising from information asymmetry between borrowers and lenders. Hence, the relevance of information-sharing offices builds on the need for mechanisms by which the mitigation of information asymmetry can be enhanced in the financial sector. It is logical to conceive that the role of information-sharing offices is naturally facilitated by ICT.
The link between information-sharing offices and financial development can be viewed from the perspectives of moral hazard on the part of borrowers and adverse selection on the part of lenders. Information-sharing offices provide banks or lenders with credit histories and information about borrowers which help in reducing high interest rates due to adverse selection from banks. Once borrowers have had access to finance, they may be liable to moral hazard because they can conceal real economic activities upon which the credit is based in order to limit the payment of their financial obligations toward the lender or bank. It is the responsibility of information-sharing offices to discipline borrowers on the unhealthy consequences of non-compliance with their financial obligations. Often times, information-sharing offices have to educate borrowers on the perils of defaulting on their debts and seeking refuge in the informal financial sector as a viable alternative to the formal financial sector.
Consistent with Asongu et al. (2016) , a substantial bulk of empirical studies on information asymmetry has focused on the role of information sharing among creditors and the impacts of creditors' rights to more information. The latter has principally been concerned with the influence of stronger creditors' rights in, inter alia: (i) bank risk-taking by Houston et al. (2010) and Acharya, Amihud, and Litov (2011) ; (ii) bankruptcy with notable works from Claessens and Klapper (2005) , Djankov, McLiesh, and Shleifer (2007) and Brockman and Unlu (2009) and (iii) capital structure by Cho et al. (2014) . The former strand has been concerned with assessing how reducing information asymmetry enhances the availability of credit (Brown, Jappelli, & Pagano, 2009; Djankov et al., 2007; Triki & Gajigo, 2014) ; reduces defaulting rates (Jappelli & Pagano, 2002) ; decreases the cost of credit (Brown et al., 2009) ; affects antitrust intervention (Coccorese, 2012) ; influences corrupt lending (Barth et al., 2009 ) and affects bank loans that are syndicated (Ivashina, 2009; Tanjung et al., 2010) .
Noticeably, the engaged literature is skewed toward developed and developing countries where issues of financial access are comparatively less severe. In other words, although a substantial body of literature has focused on the Organization of Economic Cooperation and Development economies and the emerging countries of Latin America and Asia, not much is known about Africa, a continent that has been documented to host firms and citizens with comparatively lower levels of access to finance (Asongu et al., 2016) . In what follows, we engage literature within the context of Africa for the most part. Galindo and Miller (2001) investigate macroeconomic evidence on the underlying issues to conclude that relatively advanced economies with credit registries enjoy less financial restrictions compared to less developed economies with credit bureaus. In particular, well-performing public credit registries contribute substantially to firms' decreasing sensitivity to investment decisions for "cash flows availability": a typical financial constraint proxy. The authors also establish that there has been about a 50% performance reduction by credit registries, notably on the sensitivity of investment decisions to internal funds. Love and Mylenko (2003) have used a combination of credit registries (private and public) and of firm-oriented data from the World Bank Business Environment Survey to assess two main concerns, notably whether as a result of more financial sharing from banks and the perception of managers, credit registries are negatively related to constraints in the financing of credit. The results have shown that private credit bureaus are associated with lower financing constraints and a higher sharing of financing from banks, while public credit registries do not have any significant effect on reducing financing constraints. Barth et al. (2009) have examined the effect of: (i) information sharing and (ii) borrower and lender competition on "lending corruption" via information-sharing offices using the World Bank Business Environment Survey data from 56 countries covering 4000 firms and private credit in 129 countries. The authors show two main results. First, corruption in lending is mitigated by banking competition and information sharing plays a positive role in the mitigating effect. Second, the ownership structure of firms and banks, firm competition and the legal environment have substantial impacts on corrupt lending. Triki and Gajigo (2014) have assessed two main concerns: the effect of informationsharing offices on firms' access to finance and the impact of the design of public credit registries on the degree of financing constraint. Their results reveal that financial access is relatively higher in economies with private credit bureaus compared to those with public credit registries or no information-sharing offices and substantial heterogeneity exists in access to finance and the design of information-sharing offices with public credit registries, among countries. Asongu et al. (2016) have examined policy thresholds of information sharing in financial development and came up with the following conclusions. Private credit bureaus and public credit registries exert negative impacts on financial depth, with relatively higher magnitude from the latter. Private credit bureaus have a negative effect on banking system efficiency while the impact of public credit registries is insignificant. Private credit bureaus and public credit registries both have negative effects on financial activity, with a higher magnitude from the former. Effects of information-sharing offices are positive on financial size, with the impact from private credit bureaus lower in magnitude.
As discussed in the introduction, the present line of inquiry complements the engaged literature in three main dimensions, notably in the need to narrow inquiries to scope with severe issues of financial access; for holistic financial development indicators and to account for initial conditions in financial development. To these ends, the empirical evidence is based on 53 African countries, using all dimensions identified by the financial development and structure database of the World Bank and quantile regressions to articulate existing levels of financial development in the investigated nexuses. In line with the motivation of the inquiry, financial indicators from the Financial Development and Structure Database are transformed to obtained variables of depth, efficiency, activity and size. The computation which is consistent with Asongu (2013) is also motivated by the need to avail room for more policy implications. The criteria for selecting the financial development indicators are motivated by the need to incorporate all the four dimensions identified by the Financial Development and Structure Database, namely depth, efficiency, activity and size.
First, financial depth encompasses: (i) financial system deposits or liquid liabilities and (ii) monetary depth denoting the monetary base plus time, savings and demand deposits as percentage of GDP. It is important to distinguish these measures because a great chunk of the monetary base in African countries circulates outside the formal financial sector. Second, financial intermediation efficiency in the context of this study refers to the ability of financial institutions to fulfill their fundamental mission of converting mobilized resources into credit for economic operators. Two indicators are used, namely (i) financial system efficiency ("financial system credit on financial system deposits") and (ii) banking system efficiency (with bank credit on bank deposits). Third, financial intermediary activity represents the ability of banks to grant credit to economic operators. Two measurements are used to this end, namely (i) financial system activity (with "private credit by domestic banks and other financial institutions") and (ii) banking system activity (with "private domestic credit by deposit banks"). Fourth, financial size is measured as the ratio of "deposit bank assets" to "total assets" ("deposit bank assets on central bank assets plus deposit bank assets").
But ICT is measured with mobile phone penetration and internet penetration (see Tchamyou, 2016) , ICT-driven "information-sharing offices," which are the independent variables of interest, are derived by instrumenting information-sharing offices with ICT proxies, namely mobile phone penetration and internet penetration. The instrumentation procedure which is consistent with recent literature on globalization-driven debts (Asongu, Efobi, & Beecroft, 2015) and globalization-driven peace and stability (Amavilah, Asongu, & Andrés, 2017 ) is discussed in Section 3.2.1.
In accordance with Asongu et al. (2016) , control variables include foreign aid, trade, GDP growth, public investment and inflation. The covariates have also been amply documented in financial development studies (Asongu, 2014b; Huang, 2005; Osabuohein & Efobi, 2013) . First, like with remittances (Aggarwal, Demirgüç-Kunt, & Pería, 2011; Efobi, Osabuohein, & Oluwatobi, 2015) , development assistance that is utilized effectively in recipient countries and survives the capture of consultancy services in donor countries has a high likelihood of improving financial development in the recipient countries.
Second, a substantial body of the literature has concluded on a positive growth-finance nexus (Asongu, 2012 (Asongu, , 2015 Greenwood & Jovanovic, 1990; Jaffee & Levonian, 2001 ; Levine, 1997; Saint-Paul, 1992) . Third, a strand of the literature is supportive of the view that openness-friendly policies (especially in trade) are likely to engender a positive outcome in financial development (Do & Levchenko, 2004; Huang & Temple, 2005) . Fourth, the relationship between financial development and investment is expected to be positive (see Huang, 2011) . Fifth, some principal domestic macroeconomic policies like the maintenance of higher investment and low/stable inflation are conducive for financial development (Boyd, Levine, & Smith, 2001; Huang, 2011; Huybens & Smith, 1999) .
Note should be taken of the fact that expected signs of discussed covariates cannot be established with certainty because the underpinning financial variables are conflicting by definition and measurement. For instance, the second variable or financial intermediation efficiency is defined and appreciated as the ratio of the third (financial activity) and first (financial depth), notably, credit/deposit ratio.
Sources and definitions of variables are provided in Table 1 , the summary statistics in Table 2 , whereas the correlation matrix is presented in Table 3 . Two points are noteworthy from the summary statistics: the means of variables are comparable and the substantial degree of variation is an indication that reasonable estimated linkages would emerge. The objective of the correlation matrix is to mitigate potential concerns of multicollinearity that could considerably bias estimated coefficients. We notice that the issues of high degree of substitution are apparent exclusively between financial development variables. Fortunately, the concern about multicollinearity is not of nature to bias estimated coefficients for two main reasons. On the one hand, the financial development variables are used exclusively as dependent variables. On the other hand, the financial variables are employed in distinct specifications. In what follows, we assess how information-sharing offices mitigate information asymmetry between lenders and borrowers in order to enhance financial development when existing levels of financial development matter in the assessment.
Methodology
3.2.1. Derivation of ICT-driven "information sharing" factor loadings Consistent with recent literature (Amavilah et al., 2017; , factor loadings are derived in Equation (1) by instrumentation information-sharing offices with ICT.
The instrumentation procedure is as per Equation (1).
where PCR i,t denotes public credit registries (PCR) in country i at period t, α is a constant, Mobile i,t , represents mobile phone penetration in country i at period t and ε i,t is the error term.
The process of instrumentation in Equation (1) entails regressing the public credit registries on mobile phone penetration and later saving the corresponding fitted values that are subsequently employed as the principal independent variables in the Quantile estimations. It is important to note that the instrumentation processes is heteroscedasticity and autocorrelation consistent in standard errors. The derived factor loading is named "mobile phone"-driven public credit registries.
2 The instrumentation processes are replicated for the remaining three pairs of ICT and information-sharing offices, such that we also have "mobile phone"-driven private credit bureaus; internet-driven public credit registries and internet-driven private credit bureaus. As shown in Table 4 , in addition to deriving ICT-driven information-sharing proxies in Panel A, we also test for the strength of the factor loadings in Panel B. With the exception of internet-driven private credit bureaus that are not significant, the other ICT-driven information-sharing proxies are overwhelmingly significant. Fortunately, this does not pose a serious concern to the inquiry because not all the factor loadings are employed in the regressions of interest because of issues of perfect multicollineairity. As apparent in Table 3 , there is a perfect multicollinearity between ICT-driven public credit registries and ICT-driven private credit bureaus. Hence, in the empirical analysis, only the former are employed as the independent variable of interest.
Empirical specification
We have motivated this inquiry with the need to account for initial levels of financial development. For this purpose, we are consistent with conditional development literature (Billger & Goel, 2009; Okada & Samreth, 2012) in examining the effect of informationsharing offices on financial development throughout the distributions of financial development dynamics (Koenker & Hallock, 2001) . Within this framework, conditional financial development means the effects of ICT-driven information sharing on financial development are conditioned on the level of financial development.
Previous studies on information sharing have assessed the nexus between informationsharing offices and financial development by reporting parameter estimates at the conditional mean of financial access indicators (Asongu et al., 2016; Triki & Gajigo, 2014) . While mean effects are important, we extend the underlying stream of informationsharing offices literature by employing a quantile regression technique which distinguishes initial levels of financial development. Moreover, whereas "ordinary leastsquares"-related regressions are founded on the hypothesis that error terms and financial development variables are normally distributed, the quantile regression strategy is not based on such an assumption of normally distributed error terms.
The quantile regression technique estimates parameters at mutliple points of the conditional distribution of financial development. Hence, the strategy aligns with our motivation to distingush countries of low, medium and high initial financial development using contemporary and non-contemporary quantile regressions. In essence, the policy relevance of the quantile regression approach builds on the motivation that blanket policies on the role of information sharing in financial development may not be effective unless they are contingent on initial levels of financial development and tailored differently across countries with low, intermediate and high levels of financial development.
The θth quantile estimator of a financial development dynamic is obtained by solving for the optimization problem in Equation (2), which is disclosed without subscripts for ease of presentation and simplicity.
where u [ (0, 1). As opposed to ordinary least squares which is fundamentally based on minimizing the sum of squared residuals, with quantile regression, the weighted sum of absolute deviations are minimized. For instance, the 25th or 75th quantiles (with θ = 0.25 or 0.75, respectively) are assessed by approximately weighing the residuals. The conditional quintile of financial development or y i given x i is
where unique slope parameters are modeled for each θth specific quintile. This formulation is analogous to E(y/x) = x i ′ b in the ordinary least-squares slope where parameters are examined only at the mean of the conditional distribution of financial development. For the model in Equation (3), the dependent variable y i is a financial development indicator while x i contains a constant term, ICT-driven information sharing, foreign aid, trade, GDP growth, public investment and inflation.
Empirical analysis
Tables 5-8 which are related to mobile-driven information sharing, respectively, present findings corresponding to financial dynamics of depth, efficiency, activity and size. While the left-hand side of the tables corresponds to contemporary estimations, the right-hand side entails non-contemporary regressions. The interest of lagging the independent variables in the right-hand side by one year is to have some bite on endogeneity (see Mlachila, Tapsoba, & Tapsoba, 2014, p. 21) . Consistent differences in informationsharing offices estimated coefficients between ordinary least squares and quintiles (in terms of sign, significance and magnitude of significance) justify the relevance of adopted empirical strategy. The findings are discussed paying particular emphasis on the effects of independent variables of interest throughout the distributions of the dependent variables. "Throughout the distributions" implies that consideration is given to countries with low, intermediate and high initial levels of financial development.
Given that the effects of ICT-driven information sharing are examined throughout the conditional distributions of underlying financial development dynamics, corresponding tendencies may take several patterns, namely U-shaped, inverted U-shaped, S-shaped and positive or negative threshold shapes. Thresholds within the context of this study are in accordance with Asongu (2014b) . Positive thresholds are established when corresponding estimates from ICT-driven information sharing consistently display decreasing negative magnitudes and/or increasing positive magnitudes throughout the conditional distributions of a given financial development dynamic. Conversely, negative thresholds are denoted by consistent increasing negative or decreasing positive magnitudes from estimated ICT-driven information-sharing coefficients. Hence, evidence of a threshold tendency confirms the intuition of modeling based on initial financial development conditions, with the view that financial development benefits from information sharing may consistently increase or decrease concurrently with increasing initial levels of financial development.
From Table 5 , the following findings can be established. First, mobile-driven information sharing has positive effects with positive thresholds in both Panel A on money supply and Panel B on liquid liabilities. The positive threshold effect is consistent across contemporary and non-contemporary specifications. Second, the evidence of a positive threshold established in Table 5 is also apparent in Table 7 on financial activity across panels (banking system activity and financial system activity) and specifications (contemporary and non-contemporary). Third, in Table 6 , positive effects from mobile-driven information sharing are apparent exclusively in the 50th and 75th quintiles for banking system efficiency and top quintiles for financial system efficiency. Fourth, in Table 8 , the mobiledriven information sharing is positive with a negative threshold (or decreasing positive magnitude) from the 25th to the 75th quintiles in contemporary regressions and from the 10th to the 75th quintiles in non-contemporary regressions. Most of the significant control variables have the expected signs.
Tables 9-12 which are related to internet-driven information sharing respectively present findings corresponding to financial dynamics of depth, efficiency, activity and size. While the left-hand side of the tables corresponds to contemporary estimations, the right-hand side entails non-contemporary regressions.
In Table 9 , it is apparent that internet-driven information sharing has positive effects with positive thresholds in both Panel A on money supply and Panel B on liquid liabilities. The positive threshold effect is consistent across contemporary and non-contemporary specifications. Second, the evidence of the positive threshold established in Table 9 is also apparent in Table 11 on financial activity across panels (banking system activity and financial system activity) and specifications (contemporary and non-contemporary). Third, in Table 10 on financial efficiency, positive effects from internet-driven information sharing are apparent for the most part between the 25th and 75th quintiles. Fourth, in Table 12 , internet-driven information sharing is positive exclusively in the bottom quintiles of financial size. Most of the significant control variables have the expected signs.
We now further discuss the findings in three main strands, namely discussion on the Quiet Life Hypothesis; comparative assessment with existing literature and relevance of findings in the post-2015 development agenda.
First, the established positive effects of ICT-driven information sharing on financial development (especially from dynamics of efficiency, activity and size) attest to a nonacceptance of the Quiet Life Hypothesis. In our view, non-acceptance is preferable to rejection because the cost and profit functions of financial institutions have to be assessed for a genuine assessment of the Quiet Life Hypothesis in the African banking industry. Hence, it is reasonable to infer that African financial institutions are taking advantage of ICT-driven information-sharing offices to improve financial access across the continent. This inference does not negate the fact that underlying financial institutions are also using ICT-driven information-sharing offices to increase their profit margins. In essence, financial access and increasing profit margins move hand-in-glove. In line with the fundamental objectives of ICT-driven information-sharing offices, we might be tempted to go a step further to inferring that ICT-driven information-sharing offices are relevant in stimulating competition and mitigating the abuse of market power by big banks, notably through reducing informational rents, sharing information to stimulate competition and rendering credit markets contestable (Pagano & Jappelli, 1993 , p. 2019 . The overwhelming positive role of ICT-driven information-sharing offices in financial access is also a response to an evolving stream of African business literature which is consistent on the position that lack of financial access is one of the most important challenges to doing business on the continent (Bartels, Alladina, & Lederer, 2009; Darley, 2012; Kolstad & Wiig, 2011; Tchamyou & Asongu, 2017; Tuomi, 2011) . It follows that encouraging information-sharing offices in Africa would improve financial access.
Second, it is important to discuss our findings in the light of the engaged literature: (1) They are consistent with Singh et al. (2009) who have concluded that countries in subSaharan Africa which promote information sharing by means of information-sharing offices are very likely to experience higher levels of private domestic credit as a share of GDP (or financial activity). (2) Our results are also broadly consistent with Galindo and Miller (2001) in the perspective that economies with relatively improved credit registries enjoy less financial restrictions compared to their counterparts with less developed information-sharing offices.
Third, consistent with the post-2015 development agenda, it would be interesting if policy could employ ICT-driven information-sharing offices to mitigate information asymmetry not just for "financial access" but also for "inclusive financial access." This recommendation essentially builds on three counts: (i) finance is needed to boost growth (Asongu, 2015) ; (ii) inclusive finance is essential for quality of growth, which entails poverty and income-inequality reductions (Asongu & De Moor, 2015) and (iii) an April 2015 World Bank report has revealed that poverty has been decreasing in all continents of the world with the exception of Africa (World Bank, 2015) , despite the continent having experienced two decades of growth resurgence (Fosu, 2015) . Therefore while according to the World Bank, 45% of countries in sub-Saharan Africa are off-track from achieving the Millennium Development Goal of reducing extreme poverty, tailoring ICT-driven information-sharing offices for "inclusive financial access" would go a long way to helping lagging countries catch-up during the post-2015 sustainable development agenda.
Conclusion, policy implications, caveats and future research directions
The objective of this study has been to investigate how information-sharing offices use ICT to improve financial development. To achieve this, we have examined conditional financial development from ICT-driven information sharing in African countries using contemporary and non-contemporary quantile regressions. ICT is measured with mobile phone penetration and internet penetration whereas information-sharing offices are public credit registries and private credit bureaus. In summary, the following findings have been established. First, there are positive effects with positive thresholds from ICT-driven information sharing on financial depth (money supply and liquid liabilities) and financial activity (at banking and financial system levels). Second, for financial intermediation efficiency, the positive effects from mobile-driven information sharing are apparent exclusively in certain levels of financial efficiency. Third, with regard to financial size, mobile-driven information sharing is positive with a negative threshold, whereas internet-driven information sharing is positive exclusively among countries in the bottom half of financial size. Positive thresholds are defined as decreasing negative or increasing positive magnitudes from ICTdriven information-sharing estimates and vice-versa for negative thresholds. From a practical standpoint, the fact that some findings are contingent on specific financial development quintiles implies that the financial development benefits from the association between information-sharing offices and ICT cannot be achieved until specific levels of financial development are reached.
Four main inferences are noteworthy from the results. First, African financial institutions are taking advantage of ICT-driven information sharing to improve financial access across the continent. Second, initial conditions in financial development are essential to achieve incremental benefits from ICT-driven information sharing. Third, increasing ICT-driven information sharing across the continent could address one of the most important challenges to doing business in Africa: the lack of financial access. Fourth, sampled countries could tailor ICT-driven information-sharing offices to mitigate information asymmetry not exclusively for "financial access" but also for "inclusive financial access" in accordance with the challenges of the post-2015 African development agenda.
The main policy implication from the study is that information sharing increases financial system depth (deposits), financial system activity (credit) as well as financial allocation efficiency or the ability of financial intermediaries to transform underlying mobilized deposits into credit for economic operators. Therefore, ICT-driven information-sharing offices can be tailored toward reducing surplus liquidity issues on the continent by enhancing financial allocation efficiency with more proportionate action on countries with low initial levels of financial development. The applicability of this policy recommendation is distinct from the extant literature because the policy measure is not blanket/broad but depends on existing levels of financial development.
Information-sharing offices could benefit from increased synchronization of information by means of updated information and communication technologies and "knowledge economy"-driven human resources in order to tackle voluntary and involuntary holding of surplus liquidity by African financial institutions. First, as concerns voluntary holding of surplus liquidity, underlying "information and communication technologies" and "knowledge economy" orientations would enhance the ability of information-sharing offices to: (i) ease constraints of banks in updating their positions in central banks so that they are not required to keep reserves above statutory limits; (ii) overcome transportation issues that oblige bank branches in remote zones to hold excess reserves; and (iii) ease interbank lending, especially for purposes of contingency.
Second, information-sharing offices with the underlying instruments could also be tailored toward avoiding involuntary holding of excess liquidity by: (i) dwarfing the inability of financial institutions to lend in scenarios of regulated interest rates; (ii) facilitating investment of banks in bond markets; (iii) increasing lending competition between banks and (iv) broadening investment opportunities for banks in regional stock markets. Underlying information and communication technologies and knowledge economy instruments include, inter alia, reliable high-speed internet access and state of the art information systems in banks and information-sharing offices; regular training of informationsharing offices' staff; recruitment of more qualified personnel and capitalization on mobile banking for inclusive development benefits.
In order to enhance financial sector development and facilitate regional/continental catch-up that is essential for policy harmonization, in the implementation of above suggested policies, more priority should be given to countries with low initial levels of development. This is essentially because we have established for the most part that beneficial effects from ICT-driven information-sharing offices increase more proportionately with higher levels of financial development.
As a research limitation, the investigated influence on financial development is not exhaustive because some information technology dimensions have not been considered. Accordingly, other information technology dimensions (e.g. in terms of infrastructure, strategy, policy, governance, management, etc.) can respond to the growing usage of mobile phone and internet information-sharing services in order to boost financial development. This caveat can be addressed by future research as more data on the underlying information technology dimensions become available. Other inquires devoted to improving extant literature in the light of the sustainable development agenda could focus, inter alia, on assessing mechanisms by which information-sharing offices can promote "inclusive financial" access and examining alternative information technology instruments with which the inclusive effects of informationsharing offices can be consolidated. Notes 1. We use "information-sharing offices" interchangeably with "private credit bureaus" and "public credit registries" throughout the study. 2. "Mobile phone"-driven and mobile-driven are used interchangeably throughout the study.
